
AS-510 

NOVEMBER 23, 1971 



TlTu APOLLO/SATURN v POSTFLIGHT TRAJECTORY - AS-510 

MODEL NO. SATURN V CONTRACT NO. NAS8-5608, EXHIBIT CC, 
SCHEDULE 11, PART IIA, 
TASK 8.1.6, LINE ITEM- 12 

. .  
TRACKING AND FLIGHT RECONSTRUCTION 

G. T. PINSON 

NOVEMBER 23, 1971 

w. 3. MUGAN 

! 
\ 

lSSUE NO. ISSUED TO 

THE m n ! / w a  COMPANY SPACE DIVISION LAUNCH SYSTEMS BRANCH 



05-15560-10 

REV I S IONS 

DESCR 1 PT ION DATE APPROVED 

ii 



D5- 15560-10 

ABSTRACT AND LIST OF KEY WORDS 

This  document p r e s e n t s  t h e  p o s t f l i g h t  t r a j e c t o r y  f o r  t h e  
Apollo/Saturn V AS-510 f l i g h t .  I n c l u d e d - i s  an a n a l y s i s  of 
t h e  o r b i t a l  and powered f l i g h t  trajectories of t h e  launch 
v e h i c l e  and t h e  f r e e  f l i g h t  t r a j e c t o r i e s  of t h e  expended 
S-IC and S-I1 s t a g e s .  T ra j ec to ry  dependent parameters are 
provided i n  ea r th - f ixed  launch s i te ,  launch v e h i c l e  naviga- 
tio.n, and geographic p o l a r  coord ina te  systems, The t i m e  
h i s t o r y  of  t h e  t r a j e c t o r y  parameters f o r  t h e  launch v e h i c l e  
is presented  from guidance r e fe rence  release t o  Command 
Serv ice  Module (CSM) s epa ra t ion .  

Tables of s i g n i f i c a n t  parameters a t  engine c u t o f f ,  s t a g e  
sepa ra t ion ,  parking o r b i t  i n s e r t i o n ,  and t r a n s l u n a r  i n j e c -  
t i o n  are inc luded  i n  t h i s  document, F igures  of such 
parameters a s  a l t i t u d e ,  surface and cross range, and t h e  
magnitude of t o t a l  v e l o c i t y  and a c c e l e r a t i o n  a s  a func t ion  
of range t i m e  f o r  t h e  powered f l i g h t  t r a j e c t o r i e s  are 
presented.  

Apollo/Saturn V 

P o s t f l i g h t  T ra j ec to ry  
Powered F l i g h t  T ra j ec to ry  
O r b i t a l  T ra j ec to ry  
Spent Stage Tra j ec to ry  
Apollo 1 5  

AS-510 
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GLOSSARY OF TERMS 

A l t i t u d e  

Ascent Phase 

Azimuth Angle 

Cross Range 

Dynamic P res su re  

Eleva t ion  Angle 

F l i g h t  Path Angle 

. .  

The d i s t a n c e  between t h e  v e h i c l e  
and i t s  subvehicle  p o i n t  on t h e  
s u r f a c e  of t h e  F ischer  E l l i p s o i d  

The segment of t h e  veh ic l e  
f l i g h t  from launch t o  park ing  
o rb i t  i n s e r t i o n  

The angle ,  p o s i t i v e  clockwise,  
from t r u e  no r th  t o  the  p r o j e c t i o n  
of t h e  s l a n t  range vec tor  on ehe 
ground s t a t i o n  tangent  p lane  
(PACSS3a) 

The v e h i c l e  l a t e ra l  p o s i t i o n  
measured i n  t h e  ea r th - f ixed  launch 
s i t e  cen te red  coord ina te  system 
(PACSS 1 0 ) 

The fo rce  p e r  u n i t  a r e a  of  t h e  
atmosphere on t h e  v e h i c l e  r e s u l t i n g  
from i t s  motion through the  atmos- 
phere 

The ang le  between t h e  s l a n t  range 
v e c t o r  and i t s  p r o j e c t i o n  on t h e  
ground s t a t i o n  tangent  plane.  
This  angle  i s  p o s i t i v e  above t h e  
ground s t a t i o n  tangent  plane 

- (PACSS3a). 

The angle  between t h e  v e h i c l e  
space-fixed v e l o c i t y  v e c t o r  and 
a p lane  normal t o  a vec to r  from 
t h e  c e n t e r  of  t h e  e a r t h  t o  the  
veh ic l e .  This angle  i s  p o s i t i v e  
above: t h e  p lane .  

’ I n e r t i a l  Acce lera t ion  The magnitude of t h e  v e h i c l e  
a c c e l e r a t i o n  i n  t h e  launch v e h i c l e  
p l a t fo rm accelerometer coord ina te  
sys t e m  (PACSS 12.) 

L a t i t u d e  (geodet ic )  The angle  between t h e  e q u a t o r i a l  
p lane  and t h e  l i n e  normal t o  t h e  
e l l i p s o i d a l  su r f ace  a t  a s p e c i f i e d  
p o i n t ,  measured p o s i t i v e  no r th  i n  
t h e  meridian of  t h e  p o i n t .  
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GLOSSARY OF TERMS (Continued) 

Longitude 

Mach. Number 

Measured Parameter 

Parking O r b i t  Phase 

Second Burn Phase 

S l a n t  Range 

S l a n t  Range Rate 

Space-Fixed Veloc i ty  

Subvehicle Po in t  

Surf ace .Range 

Trans lunar  O r b i t  Phase 

The angle  between t h e  p lane  of  t h e  
Greenwich Meridian and t h e  p lane  
of t h e  meridian conta in ing  t h e  
s p e c i f i e d  p o i n t  measured p o s i t i v e  
eastward from t h e  Greenwich Meridian 

The ra t io  of t h e  v e h i c l e  v e l o c i t y  
re la t ive  t o  t h e  surrounding atmos- 
phere t o  t h e  speed of sound i n  t h e  
atmosphere 

A primary measurement made by any 
ground - s t a t i o n ,  e.g. ,  e l e v a t i o n  
angle  

The segment of  t h e  'vehicle  f l i g h t  
from parking o r b i t  i n s e r t i o n  t o  
S-IVB restart p repa ra t ion  

The segment of t h e  v e h i c l e  f l i g h t  
from S-IVB res ta r t  p repa ra t ion  t o  
TLI 

The d i s t a n c e  between a ground 
s t a t i o n  and t h e  veh ic l e  (PACSS3a, 
PACSS~C, and PACSS3d) 

The v e l o c i t y  of t h e  v e h i c l e  a long 
a vector from t h e  ground s t a t i o n  
t o  the  v e h i c l e  (PACSS3c and PACSS3d) 

The magnitude of t h e  veh ic l e  * 
v e l o c i t y  i n  t h e  launch v e h i c l e  
naviga t ion  ,coord ina te  sys  tern 
( PACS S 1 3 

The p o i n t  of i n t e r s e c t i o n  of t h e  
e l l i p s o i d a l  su r f ace  and a l i n e  
normal t o  t h i s  su r f ace  pass ing  
through t h e  v e h i c l e  c e n t e r  of mass 

The arc l eng th  between t h e  launch 
s i te  and subvehicle  p o i n t  measured 
along t h e  s u r f a c e  of t h e  Fischer 
E l l i p s o i d  

The segment of t h e  v e h i c l e  
from T L I  t o  CSM s e p a r a t i o n  

f l i g h t  
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GLOSSARY O F  TERMS (Continued). 

X-Angle 
8 .  

* -  

Y-Angle 

30' Antennas - The angle  measured 
i n  t h e  p l ane  of t h e  ground s t a t i o n  
prime ver t ical  from t h e  z e n i t h  t o  
t h e  p r o j e c t i o n  of t h e  s l a n t  range 
vector onto t h i s  p lane ,  p o s i t i v e  
eastward. 
85' Antennas - The angle  measured 
i n  t h e  meridian p lane  of t h e  
ground s t a t i o n  from t h e  zen i th  t o  
t h e  p r o j e c t i o n  of t h e  s l a n t  range 
v e c t o r  onto t h i s  p lane ,  p o s i t i v e  
southward (PACSS3c and PACSS3d, 
r e s p e c t i v e l y )  . 
30 '  Antennas - The angle  between 
t h e  s l a n t  range vec to r  and i t s  
p r o j e c t i o n  onto t h e  p lane  of t h e  
ground s t a t i o n  prime ver t ica l ,  
p o s i t i v e  when the  s l a n t  range 
vector i s  no r th  of t h e  plane.  
85' Antennas - The angle  between 
t h e  s l a n t  range vec to r  and i t s  
p r o j e c t i o n  onto  t h e  meridian 
p lane  of t h e  r ada r  s i t e ,  p o s i t i v e  
when t h e  s l a n t  range vec to r  is  
eas t  of Fhe meridian p lane  
(PACSS3c and PACSS3d, r e s p e c t i v e l y ) .  
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ABBREWIATION , 

BDA (67.16) 
BDQ (67.18) 
BDS 
CECO 
CNV (1.16)  
CRO 
CSM 
EMR 
EPO 
GATE 

GCSl (1st GCS) 
GCS2 (2nd GCS) 

PAT (0.18) 
PIR 
POI 
REV 
R I  D 
rss 
STDV 
TEX 
TLI  
USB 

LIST OF'ABBREVIATIONS 

DEFINITION/STATION 

Bermuda (FPS-16M) C-Band 
Bermuda (FPQ-6) C-Band 
Bermuda S-Band 
Cen te r  Engine Cutoff 
Cape Kennedy C-Band 
Carnarvon C-Band 
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Release 
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Parameters 
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System Standards 
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Goldstone Wind S-Band 
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SECTION 1 

S?JVMARY AND INTRODUCTION 

The Apollo Sa turn  V AS-510 veh ic l e  w a s  launched f r o m  Launch 
Complex 39, Pad A, a t  t h e  Kennedy Space Center on J u l y  26, 
1971, a t  9:34:00 A.M. Eas te rn  Daylight T i m e  (Range T ime  
Zero) a t  an azimuth of  90 degrees east of north.  Guidance 
re ference  release (GRR) occurred a t  -16.939 seconds. F i r s t  
motion occurred a t  0.3 seconds. A r o l l  maneuver w a s  
i n i t i a t e d  a t  12 .2  seconds t o  p l ace  t h e  v e h i c l e  on a f l i g h t  
azimuth of 80.088 degrees east of north.  

A l l  t r a j e c t o r y  parameters w e r e  close t o  nominal f r o m  l i f t o f f  
t o  parking o r b i t  i n s e r t i o n  except  t h e  i n s e r t i o n  t i m e  occurred 
4.39 seconds e a r l y .  The veh ic l e  w a s  i n s e r t e d  i n t o  parking 
o rb i t  a t  704.67 seconds a t  an a l t i t u d e  of 172.6 km (93.2 n m i )  
and a t o t a l  space-fixed v e l o c i t y  of 7,803.7 m / s  (25,602.7 
f t /s) ,  The veh ic l e  remained i n  o r b i t  f o r  approximately one 
and two-thirds revolu t ions .  The S-IVB s t a g e  w a s  restarted 
during the  second r evo lu t ion  over t h e  P a c i f i c  Ocean a t  
10,202.9 seconds. 

A t  10,563.61 seconds, t h e  veh ic l e  w a s  i n j e c t e d  i n t o  a near- 
nominal t r a n s l u n a r  t r a j e c t o r y  a t  an a l t i t u d e  of 321.7 km 
(173.7 nmi) and a t o t a l  space-fixed v e l o c i t y  of 10,844.5 m/s  
(35,579.1 f t / s ) .  A t  1 2 , 1 4 7 . 2  seconds, t h e  CSM separa ted  
f r o m  t h e  launch veh ic l e  a t  an a l t i t u d e  of 7,460.1 km (4,028.1 

. mi) and a t o t a l  space-fixed v e l o c i t y  of 7,494.0 m / s  (24,586.6 
ft/s 1 . 
The impact l o c a t i o n  of the  spent  S-IC s t a g e  w a s  determined 
to  be 29.420 degrees north l a t i t u d e  and 73.653 degrees w e s t  
longi tude a t  560.8 seconds. The impact l o c a t i o n  of t h e  
spent  S-I1 s t a g e  w a s  determined t o  be 26.975 degrees north 
l a t i t u d e  and 37.924 degrees w e s t  longi tude  a t  1,183.9 seconds. 

A m o r e  d e t a i l e d  d e s c r i p t i o n  of t h e  p o s t f l i g h t  m a s s  p o i n t  
- laynch veh ic l e  t r a j e c t o r y  and launch parameters is  given 

i n  Sec t ion  2. The t r a j e c t o r y  is d iv ided  i n t o  the  following 
phases, 2ach d iscussed  i n  a s e p a r a t e  subsec t ion  of Sec t ion  2: 

a, Ascent  (guidance r e fe rence  release t o  parking o r b i t  

b. Parking O r b i t  ( o r b i t  i n s e r t i o n  t o  S-IVB-restar t  

c. Second Burn (S-IVB restart  prepara t ion  t o  t r ans luna r  

d. Translunar  O r b i t  ( t r a n s l u n a r  i n j e c t i o n  t o  CSM separa t ion)  
e. Free F l i g h t  (expended S-IC and S-I1 stages) 

i n s e r t i o n )  

prepara t ion)  

i n j e c t i o n )  

1- 1 
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SECTION 1 (Continued) 

The trajectories f o r  t h e  f i r s t  four  of t h e  above phases 

t racking  data and ST-124M i n e r t i a l  platform onboard 
telemetered guidance v e l o c i t y  data. N o  t rack ing  d a t a  was 
available for  t h e  S - I C  and S-I1 spent  s t a g e s ,  so t h e  
t r a j e c t o r y  phases o u t l i n e d  i n  (e) above w e r e  simulated 
using a c t u a l  s epa ra t ion  condi t ions and nominal drag and 
r e t ro rocke t  performance da ta .  

Sect ion 3 conta ins  a desc r ip t ion  of t h e  t r a j e c t o r y  
recons t ruc t ion  methods, a summary of t h e  t racking  d a t a  
used i n  t h e  a n a l y s i s  with t h e  r e s u l t i n g  r e s i d u a l  p l o t s ,  
and an estimate of t h e  unce r t a in ty  i n  t h e  reconstructed 
t r a j e c t o r y .  

Appendix A provides a d e f i n i t i o n  of t h e  symbols, nomencla- 
t u r e ,  and coordinate  systems used i n  t h e  repor t .  Appendix 
B is  a t a b u l a r  h i s t o r y  of selected t r a j e c t o r y  parameters i n  
metric u n i t s .  Appendix C presents  t h e  same parameters 
expressed i n  English u n i t s .  

. w e r e  e s t a b l i s h e d  f r o m  e x t e r n a l  C-band r ada r  and S-Band 

1-2 
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SECTION 2 

TRAJECTORY DESCRIPTION 

This  s e c t i o n  desc r ibes  t h e  recons t ruc ted  trajectory,  
re ferenced  t o  t h e  Instrument Unit  ( I U )  , by providing p l o t t e d  
h i s t o r i e s  of  p e r t i n e n t  variables and tables of important  
parameters a t  s i g n i f i c a n t  event  t i m e s .  The complete t i m e  
h i s t o r y  of s e l e c t e d  Observed Mass Po in t  T ra j ec to ry  (OWT) 
parameters ,  i n  both m e t r i c  and English u n i t s ,  is t abu la t ed  
i n  Appendices B and C ,  r e spec t ive ly .  These t a b u l a t i o n s  are 
given i n  accordance wi th  " P r o j e c t  Apollo Coordinate System 
Standards" (PACSS, Reference 1) and a r e  i n  ea r th - f ixed  
launch s i t e  (PACSS10) , launch veh ic l e  naviga t ion  (PACSS13) I 
and geographic p o l a r  (PACSS1) coord ina te  systems. For 
convenience,  t h e s e  systems are descr ibed  i n  Appendix A 
along with a d e f i n i t i o n  of o t h e r  terms and symbols used. 

A comparison of a c t u a l  and nominal t i m e s  f o r  s i g n i f i c a n t  
f l i g h t  events  i s  presented  i n  Table 2-1. The a c t u a l  t i m e s  
f o r  t h e s e  events  are taken from Reference 2. The nominal 
t i m e s  are taken from Reference 3. Range t i m e ,  which i s  
referenced t o  Range T i m e  Zero, i s  used throughout t h i s  
document unless  otherwise s p e c i f i e d .  Range Time Zero w a s  
e s t a b l i s h e d  a t  13:34:00 Greenwich Mean Time  on J u l y  26 ,  1571. 

The Fischer  E l l i p s o i d  of 1 9 6 0  (Reference 4 )  i s  used as t h e  

f i e l d .  A l l  l a t i t u d e  and longi tude  coord ina tes  a r e  def ined  
with r e s p e c t  t o  t h i s  e l l i p s o i d .  

. r e p r e s e n t a t i v e  model f o r  t h e  e a r t h  and i t s  g r a v i t a t i o n a l  

The geographic coord ina tes  f o r  Launch Complex 39, Pad A ,  
a t  t h e  Rennedy Space C e n t e r  are a s  follows: 

Geodetic L a t i t u d e  28.608422 degrees no r th  
Longitude 80.604133 degrees  w e s t  

- The h e i g h t  o f - t h e  Instrument Unit  of t h e  launch v e h i c l e  
above t h e  r e fe rence  e l l i p s o i d  i s  111.65m (366.31' f t ) .  

The azimuth alignments are as fol lows:  

Launch Azimuth 90.0 degrees east  of n o r t h  
F l i g h t  Azimuth 80.088 degrees east  of no r th  
ST-124M Platform 80.089 degrees east of north 

Azimuth 

The f l i g h t  azimuth, dependent on t h e  launch t i m e ,  launch 
day and month, is  c a l c u l a t e d  using polynomial c o e f f i c i e n t s  
taken from t h e  guidance p r e s e t t i n g s  i n  order  t o  achieve 
t h e  d e s i r e d  t r a n s l u n a r  t a r g e t i n g  parameters.  The t r a n s l u n a r  

2-1 
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SECTION 2 (Continued) 

t a r g e t i n g  parameters  are func t ions  of t h e  moon p o s i t i o n ,  
e a r t h  park ing  o r b i t  i n c l i n a t i o n ,  earth-moon d i s t a n c e ,  and 
moon t r a v e l  rate. 

2.1 ASCENT PHASE 

The t r a j e c t o r y  parameters  f r o m  guidance r e f e r e n c e  release 
t o  park ing  o r b i t  i n s e r t i o n  w e r e  close to nominal excep t  f o r  
t h e  i n s e r t i o n  t i m e  which w a s  4.39 seconds e a r l y .  The space- 
f i x e d  v e l o c i t y  and a l t i t u d e  a t  S-IC OECO w e r e  9 .2  m / s  
(30.2 f t /s)  greater than  and 0.2 km ( 0 . 1  nmi) less than  
nominal, r e s p e c t i v e l y .  A t  S-I1 OECO, t h e  space-f ixed 
v e l o c i t y  and a l t i t u d e  w e r e  9.8 m / s  (32.2 f t / s )  and 0.5 km 
( 0 . 3  n m i )  g r e a t e r  than  nominal, r e s p e c t i v e l y .  The space- 
f i x e d  v e l o c i t y  w a s  0 .6  m / s  ( 2 . 0  f t / s )  less than  nominal and 
t h e  a l t i t u d e  w a s  0 .8  km ( 0 . 4  nmi) g r e a t e r  t han  nominal a t  
S-IVB f i rs t  guidance c u t o f f  s i g n a l .  The max imum a c c e l e r a t i o n  
w a s  38.97 m / s 2  (3.97 9) dur ing  t h e  S-IC phase. 

I 

S i g n i f i c a n t  t r a j e c t o r y  e v e n t s ,  such as Mach 1, m a x i m u m  
a c c e l e r a t i o n ,  e tc . ,  are t a b u l a t e d  i n  Table 2-11. T r a j e c t o r y  
parameters  a t  engine c u t o f f  t i m e s  are presented  i n  Table  
2-111. Table 2- IV shows t r a j e c t o r y  parameters a t  stag.e 
s e p a r a t i o n  t i m e s .  

To supplement t h e s e  t a b u l a t i o n s  a t  d i s c r e t e  t i m e s ,  a number 

F igure  2-1 shows t h e  v e h i c l e  ground t r a c k  and t h e  l o c a t i o n  
of t h e  t r a c k i n g  s t a t i o n s  used i n  t h e  r econs t ruc t ion .  
A l t i t u d e ,  s u r f a c e  range,  and c r o s s  range are p l o t t e d  ve r sus  
t i m e  i n  F igures  2-2 through 2-4,. r e s p e c t i v e l y .  Space-f ixed 
v e l o c i t y  and f l i g h t  pa th  angle  are shown i n  F igure  2-5. 
F igure  2-6 g i v e s  t o t a l  i n e r t i a l  a c c e l e r a t i o n .  Dynamic 
p r e s s u r e  and mach number are p l o t t e d  i n  F igure  2-7. The 
a s c e n t  phase t r a j e c t o r y  is t a b u l a t e d  i n  Tables B - I  through 
B - I 1 1  i n  m e t r i c  u n i t s ,  and i n  Tables  C - I  through C - I 1 1  i n  

-Engl ish u n i t s  .. 

. o f  q u a n t i t i e s  a r e  p l o t t e d  over  t h e  e n t i r e  a s c e n t  phase. 

- 

2.2 FARKING ORBIT PHASE 

The park ing  o r b i t  spans t h e  i n t e r v a l  from i n s e r t i o n  t o  
S-IVB restart  p r e p a r a t i o n  a t  9,624.8 seconds. F igure  2-8 
gives t h e  v e h i c l e  ground t r a c k  fol lowing parking o r b i t  
i n s e r t i o n  ( P O I )  and shows t h e  v e h i c l e  p o s i t i o n  a t  s i g n i f i c a n t  
event t i m e s  (see Table 2-1) . 
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2.2 (Continued) 

The S-IVB/LM/CSM w a s  i n s e r t e d  i n t o  a near  c i r c u l a r  e a r t h  
parking o r b i t  (EPO) a t  704.67 seconds,  4.39 seconds earlier 
than nominal. The parking o r b i t  i n s e r t i o n  condi t ions  w e r e  
c l o s e  t o  nominal. Table 2-V g ives  t h e  a c t u a l  parking o r b i t  
i n s e r t i o n  condi t ions  and provides  a comparison wi th  t h e  
nominal va lues  . 
During t h e  parking o r b i t ,  no major t h r u s t i n g  occurred; 
however, t h e  o r b i t  w a s  cont inuously per turbed  by low-level 
LH2 vent ing ,  This  p e r t u r b a t i o n  w a s  considered i n  t h i s  
ana lys i s .  An a c c e l e r a t i o n  model w a s  b u i l t  from te lemetered  
guidance v e l o c i t y  d a t a  from t h e  ST-124M guidance platform,  
The guidance v e l o c i t y  d a t a  w e r e  f i t t e d  i n  segments by 
polynomials i n  t i m e .  The polynomials w e r e  a n a l y t i c a l l y  
d i f f e r e n t i a t e d  t o  model t h e  component a c c e l e r a t i o n s  sensed 
by t h e  guidance p la t form,  Table 2-VI  l i s ts  t h e  a c c e l e r a t i o n  
polynomials der ived  by t h i s  method. F igure  2-9 reflects t h e  
b e s t  e s t i m a t e  of t h e  t o t a l  parking o r b i t  a c c e l e r a t i o n  
(rss of  components) a f t e r  modeling b i a s e s  have been removed. 

The parking o r b i t  phase i s  t abu la t ed  i n  Table B-IV i n  m e t r i c  
u n i t s  and i n  Table C- IV i n  Engl ish u n i t s ,  

2.3 SECOND BURN PHASE 

The second burn t r a j e c t o r y  phase spans t h e  i n t e r v a l  from 
, S-IVB restar t  p repa ra t ion  a t  9 , 6 2 4 . 8  seconds t o  t r a n s l u n a r  

i n j e c t i o n .  The S-IVB s t a g e  was r e s t a r t e d  6.3 seconds la ter  
than nominal a t  1 0 , 2 0 2 . 9  seconds on t h e  second pass  over  
t h e  P a c i f i c  Ocean (see Table 2-1 f o r  s i g n i f i c a n t  event  t i m e s ) .  
The v e h i c l e  ground t r a c k  durinq. t h i s  t r a j e c t o r y  phase i s  
shown i n  Figure 2-8 as a con t inua t ion  of t h e  parking o r b i t  
phase. Vehicle a l t i t u d e  is p l o t t e d  i n  Figure 2-10. F igure  
2-11 shows t h e  space-fixed v e l o c i t y  and t h e  f l i g h t  pa th  
angle.  T o t a l  i n e r t i a l  a c c e l e r a t i o n  is  shown i n  Figure 2-12. 

- The second guidance cu to f f  s ign81 condi t ions ,  d e p i c t e d i n  - 

T a b l e  2-111, were near  nominal. 
seconds l a t e r  than  nominal wi th  t h e  a l t i t u d e  2.8 km (1.5 mi) 
less than  nominal, t h e  space-f ixed v e l o c i t y  1 . 2  m/s  (3.9 ft/s) 
greater than  nominal, and t h e  f l i g h t  pa th  angle  0.166 degrees  
less than  nominal. 

Cutoff occurred 0.88 

The second burn phase i s  t a b u l a t e d  i n  Tables B-V through 
B-VI1 i n  m e t r i c  u n i t s  and Tables C-V through C-VI1  i n  
Engl ish u n i t s  . 
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2.4  TRANSLUNAR ORBIT PHASE 

The t r a n s l u n a r  o r b i t  phase spans t h e  i n t e r v a l  from i n j e c t i o n  
t o  S-IVB/CGM sepa ra t ion .  Figure 2-8 shows t h e  ground t r a c k  ' 

continued through t h i s  t r a j e c t o r y  phase. 

Translunar  i n j e c t i o n  occurred a t  10 ,563 .61  seconds,  0.88 
seconds l a t e r  than nominal (see Table 2-1) .  The t r a n s l u n a r  
i n j e c t i o n  condi t ions  w e r e  close t o  nominal. Table 2 -VI1  
gives t h e  a c t u a l  t r a n s l u n a r  o r b i t  i n j e c t i o n  condi t ions  and 

- p r o v i d e s  a comparison w i t h  t h e  nominal values .  

Acce lera t ions  dur ing  t h e  pe r iod  between t r a n s l u n a r  i n j e c t i o n  
and CSM s e p a r a t i o n  w e r e  treated a s  i n  parking o r b i t ,  
r ep resen t ing  t h e m  as segmented polynomials.  Table 2 - V I 1 1  
l ists t h e s e  polynomial c o e f f i c i e n t s  and t i m e  spans.  The 
b e s t  estimate of t h e  t o t a l  t r a n s l u n a r  o r b i t  a c c e l e r a t i o n  
(rss of components) a f t e r  modeling b i a s e s  have been removed 
i s  p l o t t e d  i n  F igure  2-13. 

T ra j ec to ry  parameters a t  CSM sepa ra t ion  (def ined  as t h e  end 
of t h e  launch v e h i c l e  t r a j e c t o r y )  a r e  l i s t e d  i n  Table 2 - I X .  
The t r a n s l u n a r  o rb i t  phase i s  t a b u l a t e d  i n  Tables B-V 
through B - V I 1  i n  metric u n i t s  and Tables C-V through C-VI1  
i n  Engl ish u n i t s .  

2.5 FREE FLIGHT PHASES 

2.5.1 S - IC  Spent Stage Tra j ec to ry  

P o s t f l i g h t  p r e d i c t i o n s  of e a r t h  s u r f a c e  impact parameters 
for  t h e  spen t  S - I C  s t a g e  w e r e  computed using a mass p o i n t  
t r a j e c t o r y  s imula t ion  .computer program. S - I C  p o s t f l i g h t .  
b u r n o u t - p o s i t i o n  and v e l o c i t y  d a t a  w e r e  combined wi th  
nominal main propuls ion s y s t e m  decay performance and 
nominal r e t r o r o c k e t  performance t o  i n i t i a l i z e  t h e  s imula t ion  
program. 

, I  

I 

. . *  .Three . separa te  t h e o r e t i c a l  t r a .3ec to r i e s  w e r e  computed f o r  
t h e  s p e n t  S - I C  s t age .  These t h r e e  t r a j e c t o r i e s  r e p r e s e n t  
t h e  fol lowing boos te r  atmospheric e n t r y  condi t ions :  

a. Zero-degree angle-of-at tack e n t r y  
b. Ninety-degree angle-of-at tack e n t r y  
c. Tumbling e n t r y  

The tumbling boos te r  case i s  considered t o  d e f i n e  a c t u a l  
case impact cond i t ions  although no t r a c k i n g  coverage w a s  
available f o r  confirmation.  
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2.5.1 (Continued) 

R e s u l t s  o f . t h e  t h r e e  computed S-IC spen t  s t a g e  t r a j e c t o r i e s  
are summarized i n  Table 2-X. The ground t r a c k  i s  shown i n  
Figure 2-14. 

2.5.2 S-I1 Spent Stage T r a j e c t o r y  

Three s e p a r a t e  t h e o r e t i c a l  t r a j e c t o r i e s ,  corresponding t o  - t h e  zero-degree,  ninety-degree,  and tuinbling-case t r a j e c -  
tories computed f o r  t h e  S-IC s t a g e ,  w e r e  computed f o r  t h e  
s p e n t  S-I1 s t age .  

The computed r e s u l t s ,  assuming a tumbling s t a g e ,  w e r e  
considered t o  de f ine  s t a g e  impact condi t ions  s i n c e  no 
t r a c k i n g  coverage of t h e  s p e n t  S-I1 s t a g e  w a s  a v a i l a b l e .  

R e s u l t s  of  t h e  t h r e e  computed S-I1 spen t  s t a g e  trajectories 
are summarized i n  Table 2-XI. The ground t r a c k  i s  shown 
in Figure 2-14. 

2-5 



D5-15560-10 

N s331i93a - 3aniIivi 

w 

v) 
w 
w 
cy 
c3 
w 
a 
I 

w 
CI 
3 
c- 
a 
r 
0 
-I 

H 

$9 

w 
v) 
+x 
I 
n 
I- z 
w 
V 
m 
Q 

I 

v) 
z 
0 

I- 
4 
I- 
v) 

c3 
z 
Y 
V 
4 
CY 
I- 

w 

M 

n 
z 
4 

V 
4 
OL 
I- 

n 
z 
3 
0 cr: 
a 

- 
I 
cu 
u 
cy 
=> 
c3 

.w  . 

2-6 



D5-1556 0- 10 

v) 

z 
0 
V 
W 
v, 

I 

W 
E 
I- 

W 
a 
z 
CL 

n 

Y 

w 
v) 
4 
I 
n 
I- 
z 
w 
u 
v, 
4 

b I 1 I I I i 
0 0 0 0 0 0 0 
ru 0 Qo m e cu 
P F 

I 

2-7 



I 
0 
0 
v) 
c c 

I 
0 
0 
v) 

1 
0 

2-8 



D5-15560-10 

P F 

WY- 39NW sso113 
1 I I I 

0 0 0 4 0 I 0 1 
u) d (3 cu F 

0 
(0 

2-9 



3 2  

28 

24 

v) g. 20# 
W 
w 
0 

f 

w 16 
-I 
W 
L 
U 
I 
2 12 
n 
c 
I 
W .-. 
$ 8  

4 

0 

-4 

. ,  . 

D5-15560-10 

I .  RANGE TIME - SECONDS 

. -  

FIGURE 2-5. S P A C E - F I X E D  V E L O C I T Y  AND F L I G H T  P A T H  A N G L E  
- ASCENT P H A S E  

2-10 



D5-15560-10 

4 

3 

. -  
0, 

# 

x 
0 

c 

W 
-i 
W 
V u 
Cy 

CI 

2 2  

1 

0 

RANGE TIME - SECONDS 

. .  . . . !  . . .  . 

. -  

FIGURE 2-6. T O T A L  INERTIAL ACCELERATION - A S C E N T  P H A S E  

2-11 



DS-15560-10 

DYNAMIC PRESSURE - LS/FT* 

1 I 1 1 I 1 

9 In a u) 0 In ? -0 
*) 0 N N c r 0 Q 

n 
n 
z 
4 

ry: 
w 

. .  rz’ 
I 

N 

W 
e 
3 
c5 
M 
U 

2- 12 



D5-15560-10 

D 

0 
N 

I 

0 
d 

I 

0 
W * 

0 0 0 0 0 
d cu N b 

I I 

5331930 - 3ani1ivi 

0 

I 
m 

0 
0 

I 
c 

0 
N 

I 
7 

0 
e 
I - w  

I 
In 
w 

o w  
WDOC 
.-w 
I W  

n 
0 1  
(D 
- w  
+I 

0 -  
c 

w z  
0 
2 

7 

0 
d 
7 

0 
N - 
0 
0 
c 

0 
OD 

0 
W 

0 
d 

0 
N 

0 

Y 
V 
4 
pc 
I- 
n 

cz 
c3 

W 
A 

CQ 
I 
cu 
W 
oc 

w 
LL 

2-13 



D5- 15 56 0-10 

v) 

z 
0 
u 
w 
v) 

I 

w 
E 
c 
w 

n 

U 

W 
v) 

0 
0 
W 
(31 
I 
0 
0 
N 
0) 

z 
0 

W 
w 
CL 

W 
I: 

i- 

v) 

I 
I- 

L 

U 

U 

U 

U 

n 
U 

-I 
e 
5 
z - 
--1 
4 
U 

0 
z 
> 
-f 
0 
P 

* 

z 
0 
H 

l- 
4 
fu: 
IJJ 
1 
IJJ 
a -  
0 
4 

l- 
H 
m 

0 

€ - O L  X 2S/W - N O I l V U 3 1 3 3 3 V  
cn 

I 

1 I I I 1 t 
0 N m d 0 
N F c 

-01 X z S / l d  - N O I l V U 3 1 3 3 3 W  E 

2-14 



D5-15560-10 

I I I I I I 4 1 I 1 
0 0 0 0 0 0 0 0 0 0  

h W u) d m cu c O Q ,  Eo 
c F c c c P c c- F. 

I W N  - 3 a n i I i i v  

0 
0 

tu2 
0 
c 

0 
0 

n u )  
0 
P 

0 
c v) 

n 

c- 

0 
0 

0 
'P 

* 

0 
0 
'0  
0 
c 

2-15 



I 
' 0  I 

D5-15560-10 

F c 

S/W - AlI3013A Q3XIJ-33WdS 

1 I I *  1 I 1 1 I 1. 
u * ru 0 al w d cv 0 

c c F P 

S 3 3 8 9 3 a  - 3 1 9 N V  H l V d  l H 9 I l J  

2- 16 



D5-15560-10 

. -  

.. 
LI 
L 
W 
u 
W 
d 

t- z 
W 

W 

6 

t 4 I I t I I I I 
iD *t cu 0 co (D d N 0 

P c c F 0 0 0 0 
* t 

v) 

L 
0 
V 
w 
v) 

I 

w 
aE 
w 
I- 

w 
a 
t 
U 
pc 

n 

z 
0 

I- 
4 cz 
w 
A 
w 
u 
V 
4 

U 

2-17 



208 

m 
a o 161 
c 

x 
(u 
v) 
\ 

12, 
I .  

'Z 
0 

I- < 
c* 

d 
w 
U 
U < 

Y 

w 8  

4 

0 

D5-15560-10 

RANGE TIME .. S E C O N D S  
I .  

, -  

- F I G U R E  2 - 1 3 .  T R A N S L U N A R  O R B I T  A C C E L E R A T I O N  

00 

2-18 



D5-15560-10 

H 
LL 

2-19 



D5-15560-10 

TABLE 2-1. TIMES OF SIGNIFICANT EVENTS 

EVENT 

Gu idance  R e f e r e n c e  R e l e a s e  

F i r s t  M o t i o n  

' S t a r t  o f  T imebase 1 

Mach 1 

Maximum Dynamic P r e s s u r e  

S - I C  C e n t e r  E n g i n e  C u t o f f  

S - I C  O u t b o a r d  E n g i n e  C u t o f f  

S - I C / S - I 1  S e p a r a t i o n  Command 

S-I1 C e n t e r  E n g i n e  C u t o f f  

S-I1 O u t b o a r d  E n g i n e  C u t o f f  

S - I I / S - I V B  S e p a r a t i o n  Command 

S - I V B  F i r s t  Gu idance  C u t o f f  

P a r k i n g  O r b i t  I n s e r t i o n  

B e g i n  S - I V B  R e s t a r t  P r e p a r a -  
t i o n s  

S - I V B  E n g i n e  R e i g n i  t i o n  
(STDV Open) 

'S- IVB.  Second Gu idance  C u t o f f  

T r a n s  l u n a r  I n j e c t i o n  

CSM S e p a r a t i o n  ( I n i t i a l )  

RANGE TIME, SECONDS 

ACTUAL 

-16.939 

0.3 

0.6 

65.0 

82.0 

135.96 

159.56 

161.2  

459.56 

549.06 

550.1 

694.67 

704.67 

9,624.8 

10,202.9 

10,553.61 

10,563.61 

12,147.2 

UOTE: TIMES U S E D  ARE VEHICLE TIMES 

NOMINAL 

-16.980 

0.3 

0.7 

64.4 

80.3 

136.07 

159.03 

160.7  

459.04 

549.70 

550.7 

699.06 

709.06 

9,618.6 

10,196.6 

I O  ,552.73 

IO ,562.73 

12,052.9 

ACT-NOM 

0.041 

0.0 

-0.1 

0.6 

1.7 

-0 .11  

0.53 

0 .5  

0.52 

-0 .64  

-0 .6  

- 4 . 3 9  

-4.39 

. 6..2 

6.3 

0.8% 

0 . 8 8  

94.3 
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. . I  

. -  

TABLE 2-11. S I G N I F I C A N T  T R A J E C T O R Y  P A R A M E T E R S  

EYENT, 

F l r s f  Mot lon  

Mach 1 

Maxlmum Dynamic Pressure 

Haxlmum T o t a l  I n e r t l a l  
Rccel e r a  t 1 on : s-IC 

s-I I 

S - I V B  1 s t  Burn 

S - I V B  2nd Burn 

Max 1 mum E a r t  h - F I xed 
Ve 1 o c l  ty : s-IC 

s-I I 

S-IVB 1 s t  Burn 

S-IVB 2nd Burn 

PARAMETER.  

Range Time, sec 

T o t a l  I n e r t l a l  

Range Time, r e c  

A 1  t l  tude, km 

Range Tlrne, sec 

Dynamic Pressure, Nfc 

A l t i t u d e ,  km 

( n  m i )  

( I b f / f t f )  

Range Tlrne, t e c  

Range Tlme, sec 

Acce le ra t ion ,  8/52 

Range Time, sec 

Acce le ra t ion ,  m /  2 
( f t / s 5 )  

(g )  

Range Time, sec 

Range Time, sec 

Ve loc i  t m/s . 
T i t / ,  . -  1 

Range Tlme, sec 

Ve loc i t y .  m / s  
( W s )  

Range Time, sec 

Vel o c i  t y  , m / s  
( f t / s )  

Range Tlme, sec 

Vc loc l  t y  , m/s  
( f t / s )  

VALUE 

0.3 

10.61 
(34.81 

(1.081 

65.a 

7.E 
(4.2) 

82.0 

3.68 
(768.58) 

13.7 
(7.4) 

159.56 

38.97 
(127.85) 

459.56 

17.55 

(3.97) 

(1.79 

694.67 

6.40 

(0.65) 

10,553.61 

13.72 
(45.01 
(1.40 

(21 .OO) 

160.00 

2,388.9 
( 7.387.6) 

550.00 

6,584.1 
121.601.4) 

704.67 

7,389.1 
:24,242.5) 

10,554.00 

10,435.4 
(34,236.9 
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TABLE 2-V. P A R K I N G  O R B I T  INSERTION C O N D I T I O N S  A N D  
C O M P A R I S O N S  

PARAMETER 

Range Time, sec 

A 1  t i tude, km 

Space-Fixed V e l o c i t y ,  m/s 
( f t / s )  

F l i g h t  Pa th  Angle,  deg 

Heading Ang e, deg 

I n c l i n a t i o n  deg 

Descending Node, deg 

E c c e n t r i c i t y  

( n  m i )  

Apogee*, km 

Per igee* ,  km 
(n m i  

P e r i o d ,  m in  

Geode t i c  L a t  tude, deg N 

Long i tude ,  deg E 

( n  mi) 

ACTUAL 

704.67 

172.6 
(93.2) 

7,803.7 
(25,602 - 7 )  

0.015 

’ 95.531 

29.679 

109.31 4 

0.0003 

169.5 
(91.5) 

166.0 
(89.6) 

87.84 

29.365 

-53.081 

NOMINAL 

709.06 

. 171.8 
(92.8) 

7,804 . O  
(25,603.7) 

0.000 

95 -674 

29.685 

1 09.330 

0.0000 

166.7 
(90.0) 

166.5 
(89.9) 

87.82 

29.346 

-52.791 

ACT-NOM 

-4.39 

0.8 
(0.4) 

(-1 . O )  

0.015 

-0.143 

-0.006 

-0.016 

- 0 . 3  

0.0003 

2.8 
(1 .5)  

-0.5 
(-0.3) 

0.02 

0.019 

-0 290 

NOTE: Range Times used a r e  t imes  o f  occu r rence  a t  t h e  v e h i c l e .  

*Based on a s p h e r i c a l  e a r t h  o f  r a d i u s  6,378.165 km (3,443.934 n m i ) .  

. -  
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TABLE 2 - I X .  CSM SEPARATION CONDITIONS 

P ARAMET E R 

Range T i m e ,  sec 

A l t i t u d e ,  km 
( n  m i )  

. . Space F i x e d  V e l o c i t y ,  m/s 
( f t / s  1 

F l i g h t  P a t h  A n g l e ,  deg 

H e a d i n g  A n g l e ,  deg 

G e o d e t i c  L a t i t u d e ,  deg N 

L o n g i t u d e ,  deg E 

. .  . 

VALUE 

12  , 1 4 7 . 2  

7 , 4 6 0 . 1  
( 4 , 0 2 8 . 1  ) 

( 2 4 , 5 8 6 . 6 )  

46 .015  

112 .493  

19 .961  

297 .497  

7- ,4 9 4 . 0 

. -  
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TABLE 2-X. S - I C  SPENT STAGE TRAJECTORY PARAMETERS 

EVENT 

I m p a c t :  T u m b l i n g  Case 

I m p a c t :  0" A n g l e - o f -  
A t t a c k  

I m p a c t :  90" A n g l e - o f -  
A t t a c k  

Apex: T u m b l i n g  Case 

~ ~ _ _  

P ARAMET E R 

Range T ime ,  s e c  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg W 
S u r f a c e  Range, km 

( n  m i )  

Range Time,  s e c  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg  W 
S u r f a c e  Ran e,  km 

I n  m i >  

Range T ime ,  s e c  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg W 
S u r f a c e  Range, km 

( n  m i )  

Range Time,  s e c  
A1 t i  t u d e ,  km 

( n  m i )  
S u r f a c e  Range, km 

( n  m i )  

VALUE 

560.839 
29.420 
73.653 
683.1 
368.8 

519.912 
29.427 
73.568 
691.3 
373.3 

595.580 
29.416 
73.709 
677.6 
365.9 

277.562 
127.4 
68.8 
338.8 
182.9 

. .  . . .  . I  . .  . 
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TABLE 2- X I .  S-I I SPENT STAGE TRAJECTORY PARAMETERS 

. E VEmNT 

I m p a c t :  T u m b l i n g  Case 

* -  

I m p a c t :  0 "  A n g l e - o f -  
A t t a c k  

I m p a c t :  90" A n g l e - o f -  
A t t a c k  

Apex: T u m b l i n g  Case 

___ 

PARAMETER 

Range T i m e ,  sec  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg W 
S u r f a c e  Range, km 

(.n m i )  

Range T i m e ,  sec  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg W 

' S u r f a c e  Range, km 
( n  m i )  

Range T i m e ,  sec  
L a t i t u d e ,  deg N 
L o n g i t u d e ,  deg W 
S u r f a c e  Range, km 

( n  m i )  

Range T i m e ,  sec  
A1 t i  t u d e  , km 

( n  m i )  
S u r f a c e  Ran e,  k m  

Tn m i )  

VALUE 

1,183.912 
26.975 
37.924 

4,188.0 
2,261.3 

1,149.900 
26.914 
37.650 

4,216.0 
2,276.5 

1,223.316 
27.038 
38.206 

4,159.1 
2,245.7 

553.225 
176.3 
95.2 

1,646.3 
888.9 

. .  
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SECTION 3 

I .  TRAJECTORY ACCURACY 

T r a j e c t o r y  r e c o n s t r u c t i o n  i s  an e s t ima t ion  process  wi th  the 
r e s u l t i n g  confidence l e v e l  or  accuracy of t h e  t r a j e c t o r y  
dependent upon t h e  fol lowing factors: 

a. Q u a n t i t y  o f  t r a c k i n g  d a t a  

c. Consistency between t r a c k i n g  and guidance v e l o c i t y  d a t a  
d. Cont inui ty  between t r a j e c t o r y  phases (boos t ,  parking 

o rb i t ,  second burn,  and t r a n s l u n a r  o r b i t )  

*b: Q u a l i t y  of t r a c k i n g  d a t a  

These f a c t o r s  vary from f l i g h t  t o  f l i g h t  so  t h a t  a r igo rous  
s t a t i s t i ca l  error a n a l y s i s  of t h e  r econs t ruc t ed  t r a j e c t o r y  
is  d i f f i c u l t  t o  ob ta in .  However, t h e  e x t e n t  t o  which 
sys t ema t i c  e r r o r s  can b e  i d e n t i f i e d  and cor rec ted ,  p l u s  
random errors averaged o u t ,  determines t h e  accuracy of t h e  
r econs t ruc t ion .  T h i s  s e c t i o n  summarizes t h e  r e s u l t s  f o r  
t h e  AS-510 f l i g h t  and l e a d s  t o  t h e  p o s i t i o n  and v e l o c i t y  
u n c e r t a i n t i e s  f o r  t h e  r econs t ruc t ed  t r a j e c t o r y .  I n  a d d i t i o n ,  
t h e  b a s i c  a n a l y s i s  methods used i n  t h e  r econs t ruc t ion  are 
presented  i n  t h i s  s e c t i o n .  

3.1 TRAJECTORY RECONSTRUCTION METHODS 

A f t e r  i n i t i a l  data process ing  i s  completed, c o n s i s t i n g  of 
independent and dependent v a r i a b l e  e d i t i n g  p l u s  r e f r a c t i o n  
c o r r e c t i o n s ,  as r equ i r ed ,  t w o  d i f f e r e n t  b a s i c  a n a l y s i s  
programs are used t o  r e c o n s t r u c t  t h e  AS-510 t r a j e c t o r y .  
These t w o  progrdms are f i r s t  used t o  analyze o r b i t  phases 

, land powered f l i g h t  phases sepa ra t e ly .  Then t h e  phases are 
combined and merged toge the r  t o  produce t h e  complete AS-510 
t r a j e c t o r y .  Included i n  t h e  merging process  i s  a rework of 
t h e  f irst  20 seconds of t h e  a scen t  phase t o  b e t t e r  r e p r e s e n t  
t h e  e a r l y  launch p o r t i o n  of t h e  t r a j e c t o r y .  A l s o ,  t h e  

. t r a n s i e n t  areas of t he  powered f l i g h t  p o r t i o n s  of the tra- 
j e c t o r y  a r e  reshaped i n  o r d e r ' t o  b e t t e r  r e p r e s e n t - e n g i n e  
start ,  c u t o f f ,  and mixture  r a t i o  s h i f t  condi t ions .  

. .  . 

. . #  

3.1.1 O r b i t  Analysis  Method 

. The O r b i t  Correc t ion  Program (OCP) uses  a weighte-d-least- 
squares  method t o  f i t  t r a c k i n g  data and determine t h e  coas t ing  
phases of t h e  t r a j e c t o r y ,  A comprehensive o r b i t a l  model, 
inc luding  pe r tu rb ing  a c c e l e r a t i o n s  such as vent ing ,  i s  used 
t o  s imula t e  t h e  t r a j e c t o r y .  D i f f e r e n t i a l  c o r r e c t i o n s  are 
g e n e r a l l y  app l i ed  t o  i n i t i a l  v e h i c l e  p o s i t i o n  and v e l o c i t y  

3- 1 
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3.1.1 (Continued ) 

parameters as w e l l  as t h e  cons tan t  t e r m s  i n  t h e  polynomials 
used t o  model t h e  pe r tu rb ing  acce le ra t ions .  These c o r r e c t i o n s  
are based upon t h e  r e s i d u a l  d i f f e r e n c e s  between t h e  t r a c k i n g  
d a t a  and t h e  s imulated t r a j e c t o r y .  The OCP program can ,  i f  
necessary,  correct f o r  o t h e r  parameters such as s t a t i o n  
l o c a t i o n s ,  p h y s i c a l  cons t an t s ,  etc.,  bu t  t h e s e  c a p a b i l i t i e s  
have seldom been requi red .  

A f t e r  a l l  a v a i l a b l e  t r a c k i n g  d a t a  are analyzed i n  conjunct ion 
wi th  t h e  a c c e l e r a t i o n  model developed f r o m  veh ic l e  d a t a ,  t h e  
t r a c k i n g  s t a t i o n s  and passes  providing t h e  b e t t e r  q u a l i t y  
data which a r e  m o s t  c o n s i s t e n t  a r e  used t o  determine t h e  
i n s e r t i o n / i n j e c t i o n  condi t ions  and polynomial b i a s e s ,  

3.1.2 Powered F l i g h t  Analysis Method 

The Guidance and Tracking Evaluat ion (GATE) program uses  a 
Kalman l eas t - squa res  r e c u r s i v e  e s t ima t ion  scheme t o  determine 
t h e  powered f l i g h t  phases of t h e  t r a j e c t o r y .  Telemetered 
guidance v e l o c i t y  d a t a  from on board t h e  v e h i c l e  are used as 
genera t ing  parameters i n  conjunct ion with a comprehensive 
e a r t h  g r a v i t a t i o n a l  model t o  produce a t r a j e c t o r y  t o  f i t  t h e  
available t r ack ing  da ta .  The Kalman es t ima t ion  scheme solves 
fo r  i n i t i a l  p o s i t i o n  and v e l o c i t y  corrections p lus  changes 
i n  i n i t i a l  e s t ima tes  of t h e  c o e f f i c i e n t s  of an error model 
of t h e  guidance system. I n  a d d i t i o n ,  t h e  t r a j e c t o r y  can be 
cons t ra ined  t o  some a r b i t r a r y  p o s i t i o n  and v e l o c i t y  a t  some 
s p e c i f i e d  t i m e .  T h i s  f e a t u r e  i s  used i n  combining the  
d i f f e r e n t  t r a j e c t o r y  phases toge the r  t o  produce a continuous 
t r a j e c t o r y .  The GATE program can a l s o  be used t o  so lve  f o r  
C-Band t r a c k i n g  e r ror  model c o e f f i c i e n t s .  T h i s  f e a t u r e  is  , 
only  used-when i t ' i s  deemed necessary t o  r e s o l v e  t r ack ing  
d a t a  i n c o n s i s t e n c i e s  i n  r econs t ruc t ing  t h e  t r a j e c t o r y .  

A f t e r  a l l  t h e  a v a i l a b l e  t r a c k i n g  d a t a  a r e  analyzed, t h e  
t r ack ing  d a t a  which a r e  m o s t  c o n s i s t e n t  are used t o  determine 
t h e  guidance error c o e f f i c i e n t s . a n d ,  i f  r equ i r ed ,  t h e  i n i t i a l  
condi t ions .  

3.2 TRAJECTORY DATA SOURCES 

-302.1 Tracking D a t a  - Quan t i ty  

T i m e  pe r iods  for  which C-Band r ada r  and S-Band t r ack ing  d a t a  
w e r e  a v a i l a b l e  f o r  AS-510 r econs t ruc t ion  are i l l u s t r a t e d  i n  
F igure  3-1. The geographic l o c a t i o n s  of t h e  t r ack ing  s t a t i o n s  
are shown on ground track Figures  2-l .and 2-8 and are i temized  
i n  Table 3-1. All of t h e  t r a c k i n g  data w a s  used except  f o r  
i s o l a t e d  p o i n t s  o r  f o r  d a t a  segments which w e r e  i n c o n s i s t e n t  
wi th  ad jacen t  da ta .  

3- 2 
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* .  

. s  

. -  

3.2.1 (Continued) 

The C-Band t r a c k i n g  d a t a  w e r e  provided i n  azimuth angle ,  
e l e v a t i o n  angle ,  and s l a n t  range measured parameters.  These 
measurements are de f ined  i n  Reference 1 and are des igna ted  
as PACSS 3a. The USB t r a c k i n g  d a t a  w e r e  provided i n  X-angle, 
Y-angle, range,  and range ra te  measured parameters.  These 
parameters are de f ined  i n  Reference 1 and are des igna ted  as 
PACSS 3c. 

As can be noted i n  F igure  3-1, adequate d a t a  e x i s t e d  i n  
order t o  determine t h e  AS-510 t r a j e c t o r y .  I n  gene ra l ,  
t r a c k i n g  coverage w a s  redundant except  for  t h e  second burn 
phase which w a s  p a r t i a l l y  observed by the  one H a w a i i  S-Band 
t r a c k e r  . 
3.2.2 Tracking D a t a  - Q u a l i t y  

Measured parameter comparisons between t h e  t r ack ing  data and 
t h e  t r a j e c t o r y  phases w e r e  c a l c u l a t e d  i n  PACSS 3a and PACSS 
3c. The p o s i t i o n  components of t h e  t r a j e c t o r y  i n  PACSS 1 0  
w e r e  transformed i n t o  t h e  measured parameters of PACSS 3a 
and PACSS 3c. Residual  d i f f e r e n c e s  o r  d e v i a t i o n s  (observed 
t r ack ing  d a t a  minus c a l c u l a t e d  t r a c k i n g  d a t a ,  0-C) w e r e  
determined f o r  the var ious  t r ack ing  d a t a  sets. These 
r e s i d u a l  d i f f e r e n c e s  are used f o r  a s ses s ing  the  q u a l i t y  of 
t h e  t r a c k i n g  data as w e l l  as determining how w e l l  t h e  
r econs t ruc t ed  t r a j e c t o r y  f i t s  t h e  da ta .  

Measured parameter r e s i d u a l s  dur ing  t h e  a scen t  phase for t h e  
f i v e  C-Band r a d a r s  are shown i n  F igures  3-2 through 3-4. 
Azimuth r e s i d u a l s  are p l o t t e d  i n  Figure 3-2, e l e v a t i o n  i n  
3-3, and s l a n t - r a n g e - i n  3-4 .  Residuals f o r  t h e  Bermuda , 
S-Band t r a c k e r  used i n  the s o l u t i o n  are shown i n  Figure 3-5. 

Measured parameter r e s i d u a l s  dur ing  t h e  parking o r b i t  phase 
are given i n  F igures  3-6 through 3-13. Figures  3-6 and 3-7 
show t h e  1st pass  Bermuda C-Band r a d a r  azimuth, e l e v a t i o n  
and range  r e s i d u a l s ,  Figures '  '3-8 and 3-9 show t h e  corre-  
sponding 2nd pass  MILA and Bermuda C-Band r e s i d u a l s  and 
Figures  3-10 and 3-11 show the  - ; i m i l a r  r e s i d u a l s  f o r  t h e  1st 
and 2nd pass  Carnarvon C-Band radar. F igures  3-12 and 3-13 
show t h e  Merritt I s l a n d  and Texas S-Band t r a c k e r  r e s i d u a l s  
for  t h e  parameters used i n  t h e  r econs t ruc t ion .  - 

The second burn phase H a w a i i  S-Band measured parameter 
r e s i d u a l s  are shown i n  F igure  3-14. 

The t r a n s l u n a r  phase measured parameter r e s i d u a l s  are given 
i n  F igures  3-15, 3-16, and 3-17. F igures  3-15 and 3-16 show 
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3.2.2 (Continued) 

t h e  Bermuda and Merritt I s l a n d  C-Band r e s i d u a l s .  Figure 3-17 
shows. the range-rate  r e s i d u a l s  f o r  t he  Madrid Wing, Texas and 
Goldstone Wing S-Band t r a c k e r s .  The o t h e r  measured parameters 
for  t h e  S-Band s t a t i o n s  were n o t  used i n  t h e  r econs t ruc t ion .  

A s  can be noted i n  t h e s e  measured parameter r e s i d u a l s ,  
* e x c e l l e n t  f i t s  w e r e  achieved f o r  t h e  d i f f e r e n t  C-Band and 

S-Band t r a c k e r s  throughout t h e  var ious  . t ra jectory phases.  
The p l o t s  a l s o  show t h e  d a t a  used i n  t h e  t r a j e c t o r y  recon- 
s t r u c t i o n  t o  be mutually c o n s i s t e n t .  

3.2.3 Guidance Veloc i ty  Data 

Guidance v e l o c i t y  d a t a  throughout t he  s e p a r a t e  t r a j e c t o r y  
phases w e r e  rece ived  from t h e  ST-124M i n e r t i a l  platform.  
The v e l o c i t y  d a t a  dur ing  t h e  powered phases ( a s c e n t  and 
second burn) were used d i r e c t l y  by t h e  GATE program as  non- 
g r a v i t a t i o n a l  genera t ing  parameters .  Veloc i ty  d a t a  during 
t h e  o r b i t  phases (park ing  and t r a n s l u n a r )  w e r e  f i t t e d  with 
polynomials and used i n  t h e  OCP program t o  provide non- 
g r a v i t a t i o n a l  a c c e l e r a t i o n  effects.  (See Paragraphs 2.2 and 
2.4 p l u s  F igures  2-9 and 2-13.) 

3.3 CONSISTENCY BETWEEN TRACKING AND GUIDANCE VELOCITY 
DATA 

The cons is tency  between t r ack ing  and guidance v e l o c i t y  d a t a  
can be obta ined  by examining guidance v e l o c i t y  e r r o r  p l o t s  
dur ing  powered f l i g h t  t r a j e c t o r y  segments. These e r r o r  
p l o t s  g ive  t h e  d i f f e r e n c e s  between t h e  guidance v e l o c i t i e s  
from t h e  ST-124M p l a t f o r m  and those  der ived  from t h e  .recon- 

. , ’  s t r u c t e d - t r a j e c t o r y  which f i t  t h e  t r ack ing  da ta .  

The guidance v e l o c i t y  e r r o r  p l o t s  for  the  a scen t  phase had 
reasonable  shapes and magnitudes. The maximum e r r o r  
amounted t o  1 . 6  m / s  (5.2 f t / s )  i n  t h e  v e r t i c a l  d i r e c t i o n ,  

. . I  1..5 m/s (4 .9  f t / s )  i n  t h e  c ross range  d i r e c t i o n ,  and 0 . 4  m / s  
(1.3 ‘ f t / s )  i n  t h e  downrange d i r e c t i o n ,  re ferenced  t o  t h e  launch 
v e h i c l e  p l a t fo rm accelerometer coord ina te  system (PACSS12) . 
The guidance v e l o c i t y  e r r o r  p l o t s  f o r  t h e  second burn phase 
also had reasonable  shapes and magnitudes. The maximum 
error amounted t o  1 . 3  m / s  (4.3 f t / s )  i n  t h e  v e r t i c a l  
d i r e c t i o n ,  0 .8  m / s  (2 .6  f t / s )  i n  t h e  c ross range  d i r e c t i o n ,  
and 1 .0  m/s ( 3 . 3  ft /s)  i n  t h e  downrange d i r e c t i o n ,  re ferenced  
to PACSS12. 

3-4 
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3.4 CONTINUITY BETmEN TRAJECTORY PHASES 

The c o n t i n u i t y  between t r a j e c t o r y  segments can be obta ined  
by examining t h e  i n s e r t i o n  and i n j e c t i o n  parameters determined 
by t h e  o r b i t a l  and powered f l i g h t  s o l u t i o n s  be fo re  t h e  
t r a j e c t o r y  segments are merged toge ther .  

Comparisons of t h e  s ta te  vectors a t  park ing  o r b i t  i n s e r t i o n  
obta ined  independently by t h e  powered f l i g h t  and park ing  o r b i t  
a n a l y s e s  y i e lded  good agreement. The p o s i t i o n  and v e l o c i t y  
components of  t h e  s o l u t i o n s  had a spread of 52 m (171 f t )  
and 0.7 m / s  (2.3 f t / s )  i n  t h e  v e r t i c a l  d i r e c t i o n ,  74 m (243 f t )  
and 0.2 m/s (0.7 f t / s )  i n  t h e  crossrange d i r e c t i o n ,  and 32 m 
(105 f t )  and 0.4 m / s  (1.3 f t / s )  i n  t h e  downrange d i r e c t i o n ,  
re ferenced  t o  t h e  ea r th - f ixed  launch s i te  coord ina te  system 
(PACSSlO) . Since t h e s e  d i f f e r e n c e s  a r e  s m a l l ,  t h e  a scen t  
phase w a s  combined e x a c t l y  t o  the parking o r b i t  phase a t  
i n s e r t i o n  i n  o r d e r  t o  make t h e  t r a j e c t o r y  continuous.  This  
exact combine caused s m a l l  warps i n  t h e  measured parameter 
range r e s i d u a l s  (see Figures  3-4 and 3-5). 

Comparisons of  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  vectors 
determined independent ly  from t h e  second burn and t r a n s l u n a r  
ana lyses  also y i e l d e d  good agreement. The TLI  vec to r  from t h e  
second burn a n a l y s i s  w a s  ob ta ined  by f i t t i n g  t h e  H a w a i i  S -  
Band t r a c k i n g  d a t a  and so lv ing  f o r  t h e  c o e f f i c i e n t s  of t h e  
guidance e r r o r  model p l u s  i n i t i a l  s t a t e  v e c t o r  chanc~es a t  
10 ,010  seconds. These c o r r e c t i o n s  were then used i n  a GATE 
s imula t ion  through t h e  second burn t o  T L I .  

The i n i t i a l  s ta te  v e c t o r  was obta ined  from t h e  park ing  o r b i t  
a t  a t i m e  p o i n t  near  t h e  beginning of t h e  guidance v e l o c i t y  
d a t a  obt-ained f o r  t h e  second burn phase.  Changes i n  t h i s  ' 

vector w e r e  al lowed because of t h e  u n c e r t a i n t y  i n  t h e  park ing  
orb i t  phase.  These changes w e r e  409 m (1342 f t )  and 0 m / s  
( 0  f t /s)  i n  t h e  ver t ica l  d i r e c t i o n ,  2 m (7 f t )  and 1.2 m / s  
(3.9 f t / s )  i n  t h e  c ross range  d i r e c t i o n ,  and 450 m (1476 f t )  

Band 3.6 m/s  (11.8 f t /s)  i n  t h e  .downrange d i r e c t i o n ,  re ferenced  
to the. PACSSlO system. These component changes r e p r e s e n t  a 
change of  750 m (2461 f t )  i n  t h e  magnitude of t h e  r a d i u s  
vector and 0.3 m/sec (1 .0  f t / s )  i l l  t h e  magnitude of t h e  
v e l o c i t y  vector re ferenced  t o  PACSSlO. 

The p o s i t i o n  and v e l o c i t y  components of t he  t w o  independent 
s o l u t i o n s  a t  TLI had r e s p e c t i v e l y  a d i f f e r e n c e  of 1085 m 
(3560 f t )  ana 0.2 m / s  (0.7 f t / s )  i n  t h e  ver t ica l  d i r e c t i o n ,  
657 m (2155 f t )  and 3.4 m / s  (11.2 ft /s)  i n  t h e  c ross range  
d i r e c t i o n ,  and 693 m (2273 f t )  and 2.2 m / s  (7.2 f t / s )  i n  
t h e  downrange d i r e c t i o n ,  re ferenced  t o  t h e  PACSSlO system. 
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3.4 (Continued) 

These component changes r e p r e s e n t  a change of 1400 m (4593 
f t )  i n  t h e  magnitude of t h e  r ad ius  vec to r  and 1.7 m / s  (5.6 
ft/s) i n  t h e  magnitude of  t h e  v e l o c i t y  vec to r  re ferenced  t o  
PACSS10. Since t h e  post-TLI t r a c k i n g  d a t a  d i d  n o t  begin 
u n t i l  423 seconds fo l lowing  TLI, t h e  second burn phase w a s  
u s e d - t o  provide t h e  t r a n s l u n a r  i n j e c t i o n  cond i t ions  and w a s  
not combined t o  t h e  t r a n s l u n a r  phase. 

Addi t iona l  comparisons w e r e  performed f o r  t h e  t r a n s l u n a r  
t r a j e c t o r y  by s e l e c t i n g  va r ious  t r a c k i n g  d a t a  combinations 
and so lv ing  for  i n j e c t i o n  condi t ions .  The  T L I  v e c t o r s  
r e s u l t i n g  from a set  of s o l u t i o n s  had p o s i t i o n  and v e l o c i t y  
component d i f f e r e n c e s  i n  PACSSlO of 954 m (3130 f t )  and 
1.3 m / s  ( 4 . 3  f t / s )  i n  t h e  v e r t i c a l  d i r e c t i o n ,  558 m (1831 
f t )  and 1.6 m / s  (5.2 f t / s )  i n  t h e  crossrange d i r e c t i o n ,  and 
93 m (305 f t )  and 0.5 m / s  (1 .6  f t / s )  i n  t h e  downrange 
d i r e c t i o n .  

As an a d d i t i o n a l  v a l i d i t y  check on t h e  t r a n s l u n a r  phase,  t h e  
CSM s e p a r a t i o n  s t a t e  v e c t o r  w a s  propagated forward t o  luna r  
impact w i th  var ious  planned v e l o c i t y  increments modeled. 
The r e s u l t a n t  l una r  impact p o i n t  i s  i n  e x c e l l e n t  agreement 
wi th  l u n a r  impact p o i n t s  s i m i l a r l y  determined by propagating 
forward Manned S p a c e f l i g h t  C e n t e r  s t a t e  vec to r s  which w e r e  
determined i n  r e a l  t i m e  dur ing t h e  AS-510 mission. 

3.5 TRAJECTORY UNCERTAINTIES 

> .  . A s ,  an addi - t iona l  a-id i n  .es t imat ing t h e  t r a j e c t o r y  accuracy, 
' s o m e  of t h e  t r ack ing  d a t a  throughout t h e  var ious  t r a j e c t o r y  

phases w e r e  transformed i n t o  t h e  ea r th - f ixed  launch s i te  
coord ina te  system (PACSS10)  and d i f f e renced  with t h e  
r econs t ruc t ed  t r a j e c t o r y .  The r e s u l t i n g  r e s i d u a l s  o r  
d e v i a t i o n s  provide a m o r e  d i r e c t  i n d i c a t i o n  of t h e  spread of 

.. - '  t h e  t r a c k i n g  d a t a  about t h e  t r a j e c t o r y  and are p l o t t e d  i n  
F igures  3-18 through 3-29. 

The p o s i t i o n  d e v i a t i o n s  dur ing  t h e  a scen t  phase a r e  shown f o r  
t h e  C-Band t r a c k e r s  i n  F igures  3-18 through 3-21 wi th  t h e  

.-Bermuda S-Band t r a c k e r  d e v i a t i o n s  shown i n  Figure 3-22. 
S i m i l a r l y ,  t h e  p o s i t i o n  d e v i a t i o n s  for  t h e  parking ' o rb i t  
phase are shown f o r  t h e  C-Band t r a c k e r s  i n  F igures  3-23 
through 3-26. The  second burn phase d e v i a t i o n s  are shown 
f o r  t h e  H a w a i i  S-Band t r a c k e r  i n  Figure 3-27. F i n a l l y ,  
d e v i a t i o n s  f o r  t h e  C-Band t r a c k e r s  f o r  t he  t r a n s l u n a r  phase 

- are shown i n  F igu res  3-28 and 3-29. 
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3.5 (Continued) 

Based upon t h e  informat ion  of  t h e  above paragraphs and a 
p r i o r i  knowledge, t h e  t r a j e c t o r y  u n c e r t a i n t i e s  w e r e  con- 
s e r v a t i v e l y  es t imated .  The u n c e r t a i n t i e s  f o r  t h e  a s c e n t  
phase are shown i n  F igure  3-30 .  A t  S-IC OECO, t h e  uncer- 
t a i n t i e s  i n  p o s i t i o n  and v e l o c i t y  components i n  PACSSlO 
are +70m (+230 f t )  and +0.4 m / s  (+1.3 f t / s ) ,  r e s p e c t i v e l y .  
At SzII OECO, t h e  uncerEain t ies  i n  p o s i t i o n  and v e l o c i t y  
components i n  PACSSlO are +360 - m (+1,181 f t )  and +0.7 m/s 

. (2.3 f t /s)  I r e s p e c t i v e l y .  A t  i n seF t ion  and throu5hout t h e  
park ing  o r b i t ,  t h e  u n c e r t a i n t i e s  i n  p o s i t i o n  and v e l o c i t y  
components i n  PACSSlO are - +SO0 m (+1,640 f t )  and +1.8 m/s 
(+5.9 f t / s )  , r e s p e c t i v e l y .  The t r g j e c t o r y  u n c e r t s i n t i e s  
i nc reased  to  +1,500 m (+4,,921 f t )  i n  p o s i t i o n  components 
and +2.0 m / s  T+6.6 f t / s r  i n  v e l o c i t y  components a t  TLI  
and Throughout-the post-TLI t r a j e c t o r y .  
and v e l o c i t y  magnitude u n c e r t a i n t i e s  throughout t h e  park ing  
o r b i t  phase are es t imated  a t  +300 m (+984 ft) and +0.5 m / s  
(+1.6 f t / s ) .  S i m i l a r l y ,  t h e  t o t a l  r a a i u s  and ve loE i ty  

mggnitude u n c e r t a i n t i e s  throughout t h e  t r a n s l u n a r  o r b i t  
phase are es t imated  a t  - + 1 , 0 0 O , m  (+3,281 - f t )  and +1.0 - m / s  

The t o t a l  r a d i u s  

( + 3 . 3  - f t / s ) .  

r 
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APPENDIX A 

 FINI IT IONS 'OF TRAJECTORY SYMBOLS AND COORDINATE SYSTEMS 

SYMBOL 

XE, YE, ZE 
DXE, DYE, DZE 
DDXE, DDYE, DDZE 
. e  

xs, YS, 2s 
DXD, DYS, DZS 
DDXS, DDYS, DDZS 

. .  . 
# 

' -  GC DIST 
GC LAT 
GI, LAT 
LONG 

DEFINITION 

Posit ion,  velocity,  and acceleration 
components of v e h i c l e  Instrument Uni t  
i n  Earth-Fixed Launch S i t e  Coordinate 
System. The o r i g i n  of t h i s  system i s  
a t  the  in t e r sec t ion  of Fische r  E l l i p -  
s o i d  (1960) and t h e  normal t o  it which 
passes through t h e  launch site. The 
X-axis 'coincides  with t h e  e l l i p s o i d  
normal pass ing  through t h e  s i te ,  
posi t ive upward. The Z-axis i s  
p a r a l l e l  t o  t h e  ear th- f ixed  f l i g h t  
azimuth , def ined  a t  guidance reference 
release t i m e ,  and i s  p o s i t i v e  down 
range. The Y-axis completes a r i g h t -  
handed system. This coordinate  system 
is i d e n t i c a l  t o  Standard Coordinate 
System 1 0  of Project Apollo Coordinate 
System Standards,  abbreviated as 
PACSSlO. 

P o s i t i o n ,  v e l o c i t y ,  and acceleration 
components of v e h i c l e  Instrument  U n i t  
i n  Launch Vehicle Navigation Coordinate 
System, The o r i g i n  of t h i s  system is 
a t  t h e  center of t h e  e a r t h .  The X-axis 
i s  p a r a l l e l  t o  Fischer  E l l i p s o i d  normal 
through t h e  launch s i te ,  p o s i t i v e  
upward, The Z-axis i s  p a r a l l e l  t o  t h e  
f l i g h t  azimuth, p o s i t i v e  downrange. 
The Y-axis completes a right-handed 
system. The d i r e c t i o n  of  t he  coord ina te  
axes remains f i x e d  i n  space a t  guidance 
reference release. This  coordinate 
system is  i d e n t i c a l  t o  Standard Coordinate 
System 13 of ,?reject Apollo Coordinate 
System Standards,  abbreviated as PACSS13. 

Posi t ion components of veh ic l e  Instrument 
U n i t  i n  Geographic Polar Coordinate 
System. P o s i t i o n  i n  t h i s  system is 
def ined  by t h e  geocen t r i c  d i s t a n c e  
(GC DIST), geocen t r i c  l a t i t u d e  (GC LAT),  
geode t i c  l a t i t u d e  (GD LAT) ,  and longi-  
tude (LONG).  Geocentric d i s t a n c e  i s  t h e  

A- 1 
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APPENDIX A (Continued) 

d i s t a n c e  from the  geocenter  t o  veh ic l e  
Instrument Unit .  Geocentric l a t i t u d e  
is  the  angle between t h e  r ad ius  vec tor  
of t h e  subvehicle p o i n t  and the  
e q u a t o r i a l  p lane ,  p o s i t i v e  nor th  of 
t h e  e q u a t o r i a l  plane.  Geodetic l a t i t u d e  
is the  angle  between the  normal t o  t h e  
F ischer  E l l ip so id ' t h rough  t h e  subvehicle  
p o i n t  and t h e  e q u a t o r i a l  plane,  p o s i t i v e  
no r th  of t h e  e q u a t o r i a l  plane.  Longi- 
tude  i s  t h e  angle  between t h e  projec-  
t i o n  of the r ad ius  vector i n t o  the 
e q u a t o r i a l  plane and t h e  Greenwich 
meridian,  p o s i t i v e  e a s t  of the Greenwich 
meridian.  This coordinate  system is  
i d e n t i c a l  t o  Standard Coordinate System 
1 of P r o j e c t  Apollo Coordinate System 
Standards,  abbreviated as PACSS1. 

I .  

EF VEL 
VEL-AZ 
VEL-EL 

. .  . 

- -  - I  S F  mL 
FLT-PATH 
HEAD 

Earth-f ixed v e l o c i t y  of vehicle Ins t ru -  
ment Unit i n  Geographic Po la r  Coordinate 
System. Velocity i n  t h i s  system is  given 
i n  terms of az imuth  (VEL-AZ) , e l e v a t i o n  
(VEL-EL) , and magnitude of t h e  v e l o c i t y  
vector (EF V E L ) .  Azimuth i s  t h e  angle  
between t h e  p r o j e c t i o n  of t h e  v e l o c i t y  
vector i n t o  t h e  l o c a l  ho r i zon ta l  plane 
and t h e  nor th  d i r e c t i o n  i n  t h i s  p lane ,  
p o s i t i v e  e a s t  of no r th .  Elevat ion i s  
t h e  angle  between t h e  v e l o c i t y  vec tor  
and t h e  l o c a l  h o r i z o n t a l  p lane ,  . p o s i t i v e  
above t h e  ho r i zon ta l  plane.  This coordi- 
n a t e  system is  i d e n t i c a l  t o  Standard 
Coordinate System 1 of P r o j e c t  Apollo 
Coordinate System Standards,  abbreviated 
as PACSS1. 

Space-fixed v e l o c i t y  of veh ic l e  I n s t r u -  
ment Unit  i n  Geographic Polar  Coordinate 
System. 
given i n  terms of heading angle (HEAD),  
f l i g h t  path angle (FLT-PATH) , - and 
magnitude of v e l o c i t y  vec tor  (SF TEL).  
Heading angle  i s  t h e  angle  between the  
p r o j e c t i o n  of t h e  veloci t y  vec tor  i n t o  
t h e  l o c a l  ho r i zon ta l  plane and t h e  nor th  
d i r e c t i o n  i n  t h i s  p lane ,  p o s i t i v e  east  
of nor th .  F l i g h t  pa th  angle  is  t h e  
angle  between t h e  v e l o c i t y  vec tor  and 

. -  

Veloci ty  i n  t h i s  system i s  
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APPENDIX A (Continued) 

t h e  local h o r i z o n t a l  plane,  p o s i t i v e  
above t h e  h o r i z o n t a l  plane.  This 
coord ina te  system i s  i d e n t i c a l  to 
Standard Coordinate System 1 of  Project 
Apollo Coordinate System Standards,  
abbreviated a t  PACSSl . 

' ALTITUDE Perpendicular  d i s t a n c e  from v e h i c l e  

I .  

Instrument Unit  t o  F ischer  E l l i p s o i d ,  
p o s i t i v e  above Fischer  E l l i p s o i d .  

RANGE 

TIME 

Surface  range, measured along F i sche r  
E l l i p s o i d  from the  launch s i te  t o  t h e  
subvehicle  po in t .  

Range t i m e ,  referenced t o  n e a r e s t  
i n t e g e r  second be fo re  I U  umbilical 
disconnect .  

. .  . .  . . .  . I .  - . . I  
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APPENDIX B 

TIME HI6TORY OF TRAJECTORY PARAMETERS - METRXC UNITS 

The p o s t f l i g h t  t r a j e c t o r y ,  f r o m  guidance r e fe rence  release 
to CSM s e p a r a t i o n ,  i s  t a b u l a t e d  i n  m e t r i c  u n i t s  i n  Tables 
B-I through B-VII .  

v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  ascent phase 
of f l i g h t .  

* Table  B-I g ives  t h e  ea r th - f ixed  launch s i te  p o s i t i o n ,  

T a b l e  B- I1  g ives  t h e  launch vehicle naviga t ion  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  ascent phase 

. of f l i g h t .  

Table B - I 1 1  g ives  t h e  geographic p o l a r  coord ina tes  f o r  t h e  
ascent phase of f l i g h t .  

Table B-IV g ives  t h e  geographic p o l a r  coord ina tes  f o r  t h e  
parking o r b i t  phase of  f l i g h t .  

Table  B-V g ives  t h e  ea r th - f ixed  launch s i te  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  second burn 
and t r a n s l u n a r  phases of f l i g h t .  

T a b l e  B-VI g ives  t h e  launch v e h i c l e  naviga t ion  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  second burn 
and t r a n s l u n a r  phases of f l i g h t .  

Tab le  B-VI1 gives  t h e  geographic p o l a r  coordinates  f o r  t h e  
I second-burn and- t r a n s l u c a r  phases of f l i g h t .  . .  . 

. _  . . .  . -  . . I  . . .  . 
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APPENDIX C 

. TIME .HISTORY OF TRAJECTORY PARAMETERS - ENGLISH UNITS 

The p o s t f l i g h t  t r a j e c t o r y ,  f r o m  guidance r e fe rence  release 
to CSM s e p a r a t i o n ,  i s  t a b u l a t e d  i n  Engl ish Units  i n  Table 
C-I  through C-VII .  

v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  a scen t  phase 
of f l i g h t .  

e . Table C-I  g ives  t h e  ea r th - f ixed  launch s i te  p o s i t i o n ,  

Table C-11 gives t h e  launch veh ic l e  naviga t ion  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  ascent phase 
of f l i g h t .  

T a b l e  C - I 1 1  g ives  t h e  geographic p o l a r  coord ina tes  for  t h e  
a scen t  phase of f l i g h t .  

T a b l e  C-IV g ives  t h e  geographic p o l a r  coord ina tes  f o r  t h e  
parking o r b i t  phase of  f l i g h t .  

Table C-V g i v e s  t h e  ea r th - f ixed  launch s i te  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  the second burn 
and t r a n s l u n a r  phases of f l i g h t .  

T a b l e  C-VI g ives  t h e  launch v e h i c l e  naviga t ion  p o s i t i o n ,  
v e l o c i t y ,  and a c c e l e r a t i o n  components f o r  t h e  second burn 
and t r a n s l u n a r  phases of f l i g h t .  

Table 6 -VI1  g ives  t h e  geographic p o l a r  coord ina tes  f o r  t h e  
4 second burn and t r a n s l u n a r  phases of f l i g h t .  . .  . 

. .  

c-1 
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